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The Composition and Toxic Effects 

G 
O S S Y P O L  i s  a pecu l i a r  

phenolic  body which, as f a r  
as  is  known, occurs only in 

• cot ton plant .  The subs tance  
p o s s e s s e s m a n y  cha rac t e r i s t i c  
chemical  p rope r t i e s  t ha t  g ive  i t  a 
unique academic  in teres t .  F r o m  
t h e  p rac t ica l  s tandpoin t ,  also, the  
subs t ance  is impor t an t ,  as  i t s  toxic  
p r o p e r t i e s  a re  conceded to be re-  
sponsible  for  the  so-called cot ton-  
seed i n j u r y  which  resu l t s  f r om the  
feed ing  of l a rge  quan t i t i e s  of cot- 
tonseed  meal  to l ivestock (1) .  This  
i n j u r y  cons t i tu tes  a p rob lem of 
cons iderable  economic magn i tude ,  
the  solut ion of which  will  even- 
tua l ly  involve a method  for  detoxi-  
f y i n g  cot tonseed meal.  In  the  pas t  
an  in te l l igen t  approach  to such an 
endeavor  has  been g r ea t l y  h indered  
by  the  lack of specific i n f o r m a t i o n  
r e g a r d i n g  the  chemis t ry  of gossy-  
pol.  In  o rde r  to overcome th i s  d i f -  
f iculty,  i f  possible,  a new chemical  
s tudy  of  the  subs tance  was under -  
t aken  a l i t t le  over a yea r  ago. The 
purpose  of  th is  r epo r t  is to give  an  
out l ine  of the  resu l t s  of th i s  work.  
Before  p r e sen t i ng  the  repor t ,  how- 
ever,  a s u m m a r y  of the  chemical  
work  prev ious ly  done upon gossy-  
pol will  be g iven  in o rde r  to ac- 
q u a i n t  the  r e a d e r  wi th  the  s t a tu s  
of  the  p rob lem a t  the  t ime  th i s  
i nves t iga t ion  was  under taken .  

Undoubted ly  gossypol  was f irst  
p r e p a r e d  in a f a i r l y  pure  condi t ion  
by  March lewski  (2) in 1899. His  
p r e p a r a t i o n  c o n t a i n e d loosely 
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bound acet ic  acid and had  a me l t i ng  
poin t  of 188~ He r epo r t ed  anal-  
yses of a number  of samples,  bu t  he 
was not  ab le  to es tab l i sh  wi th  cer-  
t a i n t y  a molecular  fo rmula  a l though 
Cj3H140~ o r  C32H3401o was sug-  
gested.  He made no c rys t a l l i ne  de- 
r iva t ives  of  the  m a t e r i a l  bu t  
showed t h a t  i t  was not  a glucoside 
and t ha t  in all p robab i l i t y  i t  con- 
t a i ned  no alkoxyl  groups .  He re-  
corded some color reac t ions  and i ts  
behavior  t o w a r d  ce r t a in  r eagen t s .  

C a r r u t h ' s  Inves t iga t ions  

No f u r t h e r  ou t s t and ing  chemical  
work  was publ i shed  upon the  sub- 
jec t  unt i l  C a r r u t h  (3) communi-  
ca ted his  i n t e r e s t i ng  resu l t s  in 
1918. This  i nves t i ga to r  r epo r t ed  
improvements  in the  p r e p a r a t i o n  of 
gossypol,  t hus  mak ing  possible  
more  extended s tudies .  As a r esu l t  
of his inves t iga t ion  he concluded 
t ha t  gossypol  is a phenolic  sub- 
stance, hav ing  the  f o r m u l a  
CaoH3oO 9 or  C3oH2sO 9. When the 
m a t e r i a l  was  c rys ta l l i zed  f rom 
acetic acid i t  conta ined  one molecule 
of  loosely bound acid  which  could 
be removed by  d isso lv ing  the sub- 
s tance  in ether ,  add ing  water ,  and  
then removing  the e ther  by  evapo- 
ra t ion .  The  acet ic  ac id  r ema ined  in  
the  w a t e r  and  could be t i t r a t ed .  
In  th i s  way  a value nea r  532 was  
ob ta ined  fo r  i ts  molecular  weight .  
D e t e r m i n a t i o n s  of  th i s  cons t an t  by 
physicochemical  methods  were  not  
conclusive. Values  r a n g i n g  f rom 
300 to 595 resu l ted  by  the  use of 
d i f ferent  methods  and  solvents.  
When  gossypol  was  dissolved in 
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aniline, or when gossypol and ani- 
line were dissolved in an appro- 
pr ia te  solvent, a character is t ic  
crystal l ine product was formed. 
Carruth assumed the compound to 
have the formula C~oH28Og.2C~H~ - 
NH v No carbon or hydrogen 
figures were given on this material ,  
but those for  ni trogen were re- 
ported to be from 3.97 to 4.84 per 
cent. Crystall ine acyl derivatives 
of gossypol were not obtained, but 
analysis of the amorphous acetyl 
derivative indicated the presence 
of four acetyl groups. When gossy- 
pol was heated to i ts decomposition 
point a new substance called B 
gossypol was formed. This was 
obtained crystal l ine and apparent ly  
represented gossypol less two mols 
of water.  

Fu r the r  Work  D~sirable 

The work of Marchlewski and 
of Carruth constitutes essentially 
all tha t  was recorded concerning 
the chemistry of this in teres t ing 
substance at  the time the present  
invest igat ion was undertaken;  but 
a cri t ical  s tudy of their  findings 
indicated tha t  reexamination of the 
data given was desirable. A 
quant i ty  of gossypol was therefore  
prepared and purified (4).  The 
results  obtained upon this mater ia l  
indicated that  the molecular for- 
mula for gossypol is CsoH~oO a. This 
formula differs from Carruth 's ,  
but, in the l ight  of the experience 
gained in the purification of the 
substance, i t  seems doubtful 
whether his mater ial  was entirely 
pure. A reddish brown impur i ty  was 
associated with all the gossypol pre- 
pared by Carruth ' s  method tha t  was 
removed only with grea t  difficulty 
by a large number of solvents 
suitable for  i ts recrystall ization.  
A combination of solvents that  
gave the desired result  was even- 
tually found, but  again difficulty 

was encountered in, obtaining the 
mater ial  free f rom the solvent 
used in i ts purification. In a num- 
ber of cases, a small indefinite 
amount of solvent remained with 
the crystals.  This could not be re- 
moved in a 0.1 mm. vacuum over 
both sulfuric acid and potassium 
hydroxide at  temperatures  which 
would insure the in tegr i ty  of the 
substance. Several solvents were 
found, however, which under cer- 
ta in  conditions gave material  hav- 
ing uniform composition. The 
method used to ver i fy  this  was to 
obtain from different solvents 
prepara t ions  that  gave check an- 
alyses. When this was accom- 
plished, carbon and hydrogen 
figures were obtained which in- 
dicated the formula given above. 
Various derivatives, prepared from 
the purified gossypol, also gave 
values upon analysis  which checked 
the formula indicated. Among 
these were the so-called "acetate," 
i.e., gossypol -~- one molecule of 
acetic acid, anhydrogossypol (Car- 
ru th ' s  B gossypol),  the aniline con- 
densation product, the dioxime, 
and a hexaacetyl derivative. 

Molecul'ar Weight  Studies 

The analytically pure gossypol 
was a br ight  canary-yellow crystal-  
line substance with a melting 
point of 214 ~ (corrected).  In solu- 
t ion no optical act ivi ty was ex- 
hibited. Molecular weight deter- 
minations by the camphor method 
of Rast  (5) gave results of the 
order required for the formula sug- 
gested. Also, the acetic acid in the 
so-called acetate was found to be 
10.51 per cent, which gave a mo- 
lecular weight of 511 for  gossypol, 
if  i t  is assumed tha t  one tool o~ 
the la t te r  is associated with one 
tool of acetic acid. Gossypol was 
soluble in ether and acetone, but 
only sparingly soluble in other 
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common organ ic  solvents.  I t  was 
insoluble  in water ,  bu t  dissolved 
r ead i ly  in d i lu te  ammonia  and 
sod ium carbonate .  I t  was soluble 
in aqueous fixed a lka l ies ;  but  when 
dissolved in an excess of a lkal i  i t  
s lowly decomposed,  f o r m i n g  a 
b rown  solut ion which g r a d u a l l y  
became a beau t i fu l  purple .  How- 
ever,  when po ta s s ium hydrox ide  
was added  to an  aqueous suspen-  
s ion of  finely g r o u n d  gossypol,  in 
amoun t s  s l igh t ly  more  than  enough 
to cause complete  solution,  the  ex- 
cess a lkal i  could be t i t r a t e d  and the  
ac id  value of the  subs tance  was 
thus  de te rmined .  I f  i t  is assumed 
t h a t  two equiva lents  of po t a s s ium 
hyd rox ide  were  used, molecular  
w e i g h t  values of  505 and 507 were  
obta ined .  Gossypol  dissolved in 
concen t ra t ed  su l fu r i c  acid fo rmed  
a deep scar le t  colored solution.  

A n h y d r o g o s s y p o l  
Upon d i lu t ing  th i s  acid  l iquid  wi th  

wa te r ,  the  gossypol  was th rown  
out  unchanged.  I t  was read i ly  
soluble in s a t u r a t e d  methyl  alco- 
holic hydroch lor ic  acid. A t  first  
the  color of the  solut ion was brown,  
which  g r a d u a l l y  t u r n e d  deep green  
and  finally in tense  blue. When  
hea ted  to i ts  me l t ing  point ,  gossy-  
pol lost  two mols of water ,  pro-  
ducing  a new c rys ta l l ine  body, 
anhydrogossypol ,  C3oH2,~0~. This  
m a t e r i a l  possessed m a r k e d l y  di f -  
f e r e n t  solubi l i t ies ,  but  s t i l l  re-  
t a i n e d  the  cha rac t e r i s t i c  color re-  
ac t ions  of  the  o r ig ina l  ma te r i a l .  
Oximat ion  of gossypol  p roduced  a 
colorless  dioxime,  which  seemed to 
ind ica te  t ha t  the  chromophores  a re  
quinone groups .  As  s t a ted  by  Car-  
ru th ,  gossypol  combined wi th  
an i l ine  to fo rm a deep orange-  
colored c rys ta l l ine  comPOund. This  
subs tance  was  found  to be a con- 
densa t ion  p roduc t  fo rmed  by  one 
tool Of gossypol  un i t i ng  w i th  two 
tools of ani l ine,  w i th  the  e l imina-  

t ion of two mols of wa te r .  I t s  
f o r m u l a  was  found  to be C42H4oN 2- 
0 6, and  i t  is p robab ly  a Schiff base  
type  of compound.  

Resu l t s  of A c e t y l a t i o n  
Ace ty la t ion  of  gossypol  was  

ca r r i ed  out  w i th  acet ic  anhydr ide ,  
wi th  the  use of sodium ace ta te  and  
also p y r i d i n e  as ca ta lys t s .  W i t h  
sodium aceta te ,  by  employing  the  
c o n v e n t i o n a l  p ropor t i ons  of 
r eagen t s  (one p a r t  o f  ace ta te ,  
fou r  p a r t s  of  substance,  and  six-  
teen p a r t s  of  acet ic  a nhyd r ide )  and  
by  boi l ing  the  mix tu r e  fo r  ten  
minutes ,  a non-crys ta l l i zab le  prod-  
uct  was  ob ta ined  which analyzed  
for  30.8 pe r  cent  acetyl .  But  when 
a l a rge  excess of the  r eagen t s  w a s  
used and the  boi l ing was cont inued 
for  two hours ,  a m a t e r i a l  resul ted ,  
about  ten  pe r  cent  of which was  
ob ta ined  as beau t i fu l  c rys ta l l ine  
plates.  Ace ty la t ion  in p y r i d i n e  
solut ion gave the same produc t  bu t  
the  yield was  l a rger .  Th is  sub- 
stance,  when analyzed  for  acetyl  by 
P e r k i n s '  method  (6) for  O-acyl 
compounds,  gave  f rom 24.9 to 
25.9 per  cent  acetyl .  These  f igures 
ag reed  well fo r  a t e t r aace ty l  gossy-  
pol (25.07 per  cen t ) .  Carbon  
values,  however,  were  those  of a 
hexaace ty l  body. I t  was then  
found  t h a t  i f  Pe rk ins '  me thod  (6) 
for  N-acyl  compounds was used, 
the  pe rcen tage  of  acetyl  r equ i r ed  
fo r  a hexaace ty l  de r iva t ive  was  
obtained.  The  c rys ta l l ine  m a t e r i a l  
was  t he r e fo re  a hexaace ty l  gossy-  
pol, i nd ica t ing  t h a t  in the  p a r e n t  
subs tance  t h e r e  were  s ix  hydroxy l  
groups .  Thus  all the  oxygen in 
gossypol  has  been accounted for .  
Two a toms  a re  p re sen t  as carbonyl  
groups ,  as was  shown by the  fo r -  
ma t ion  of a dioxime,  and  six a r e  
p re sen t  as  hydroxy l  g roups .  I t  is 
to be emphasized,  though,  t h a t  two 
of these  hydroxy l  g roups  behave  
d i f fe ren t ly  f r o m  the  r e m a i n i n g  
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four.  This  was man i fe s t  by the 
drast ic  t r e a tmen t  necessary to re- 
move the last  two acetyl groups, 
and also by the fact  t ha t  two 
hydroxyl  groups are capable of 
be ing t i t r a t ed  as an acid. 

In  the course of the pur i f ica t ion 
of the substance it seemed desir- 
able to de te rmine  the approximate  
toxici ty of the analyt ical ly  pure  
gossypol as well as some of the less 
pure  p repara t ions  be ing dealt  with.  
The resul ts  are recorded in Table 
I. In  this  work cer ta in  observa- 
t ions  were made which have not  
h i ther to  been recorded, bu t  which 
seemed to be of sufficient in teres t  
to w a r r a n t  report ing.  

Whi te  rats ,  whose average 
weight  was 190 gm., were injected 
in t raper i tonea l ly  wi th  cottonseed 
oil solutions of the var ious prepa- 
rat ions.  

There  was no apparen t  difference 
between the toxici ty of the crude 
gossypol acetate and the analy t i -  
cally pure gossypol. Rats  receiv- 
ing doses of twenty  mg. or more 
per kilo of body weight  died in 
f rom twenty  hours  to t h i r t een  days. 

Of those receiving from ten to  
twen ty  mg. per kilo, fifty per cen t  
died in f rom two to eighteen days ;: 
the r ema in i ng  fifty per  cent sur -  
vived. Though the  percentage of  
deaths at  fifteen mg. per ki lo 
equals tha t  at twenty  mg. per kilo, 
death resu l t ing  f rom the l a t t e r  
dosage was the resul t  of acute  
poisoning,  whereas death at  f if teen 
mg. per kilo was the resul t  of  
chronic poisoning. 

Pos tmor tem findings in the acute 
type of poisoning were oily drop- 
lets and plaques in the per i toneum,  
congested lungs, hemorrhagic  con- 
di t ion of all the viscera, and cardiac 
di latat ion.  In  the chronic type of 
poisoning the ou t s t and ing  indica-  
t ion  was in tes t ina l  impaction.  
The cause of delayed death was  
s ta ted by Dr. Formad,  pathologist  
of the Bureau of Animal  Indus t ry ,  
"to be probably due to a paralyz-  
ing effect upon the sympathet ic  
nervous  system." Dr. Fo rmad  
f u r t h e r  stated tha t  "it seemed 
probable tha t  there was a tonic 
spasm of the sphincter  ani accom- 
panied by general  decreased in tes-  

TABLE I 

Toxicity Tests Made Upon Different Preparations of Gossypol 
The material, dissolved in cottonseed oil, was given intraperitoneally to white 

rats, the average weight of each being 190 gm. 

No. No. of Time 
Dose, of Deaths in Days 

Mg, Per Rats Re- Until 
Material Used Kg. Used suit ing Death Remarks 

Crude gossypol acetate 25 1 0 0 
50 2 2 2, 2 Acute 

100 1 1 1 Acute 
Gossypol recrystallized 25 2 2 6, 13 

from chloroform 50 2 2 2, 2 All but 13 day 
75 2 2 1, 1 animal acute 

100 2 2 1, 1 
Gossypo~ twice recrys- 20 2 2 7, 10 

tallized from ether 30 2 2 3, 5 All acute type 
and petroleum ether 40 1 1 3 

50 1 1 1 
Purified gossypol re- 10 6 2 17,18 2 day and 3 

crystallized from ether 15 6 5 10, 11, 12, day animals 
(analytically pure) 12, 13 a c u t e, a 1 l 

20 6 5 2, 3, 9, others, chronic 
10, 10 
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t ina l  tonus  which led to  decreased  
r a t e  of  e l imina t ion  of  feces  and 
finally to an  in t e s t ina l  impact ion.  
This  l a t te r ,  in tu rn ,  produced 
p re s su re  upon the  d i a p h r a g m  
which was  t r a n s m i t t e d  to the  h e a r t  
and  lungs  and served  as  a prob-  
able cause of  dea th ."  

C o n d ~ i o n  of  Gossypo l  in  Cot ton-  
seed  Mea l  

The molecular  f o r m u l a  of  gossy-  
pol and  i ts  a p p r o x i m a t e  tox ic i ty  
hav ing  been de te rmined ,  a t t en t ion  
was  nex t  d i rec ted  to  the  condi t ion  
of  t h e  bound gossypol  in cot tonseed 
meal (7) .  As  is well known among 
those  in t e re s t ed  in the  cot tonseed 
meal problem,  the  cooking and 
p re s s ing  processes  to which cot ton-  
seeds a re  sub jec ted  in the  manu-  
f a c t u r e  of  cot tonseed oil exe r t  a 
p ro found  change  in the  condi t ion  
of the  gossypol  o r ig ina l ly  in the  
raw kernels .  Gossypol  is r ead i ly  
ex t r ac t ed  f rom the r a w  seeds wi th  
solvents  such as e the r  or  acetone. 
When cot tonseed meal  is t r e a t e d  in 
the  same  manner ,  however ,  the  
q u a n t i t y  of  gossypol  ob ta ined  is 
much less t han  t ha t  ex t r ac t ed  f rom 
the r a w  kernels ,  a l though  l i t t le  or 
none of the  subs tance  is p resen t  
in the  expel led oil (8) .  Coincident  
w i th  the  d iminu t ion  of ex t rac tab le  
gossypol,  the  tox ic i ty  of the  meal  
as  compared  wi th  t h a t  of the  un- 
t r e a t e d  seeds becomes much less 
(3, 8, 9, 10) .  Some inves t iga to r s  
have expla ined  th i s  phenomenon as 
be ing  due to a change  in the  gossy-  
pol molecule t h a t  is suppose  d to  
occur d u r i n g  the  cooking and press -  
ing process.  W i t h e r s  and Car-  
r u th  (8, 9, 10) have advanced  the  
idea t h a t  the  reac t ion  is ma in ly  
one of oxida t ion .  The  oxidized 
gossypol,  which  is cons idered  to be 
non-toxic,  or  a t  leas t  much less 
toxic t h a n  the  p a r e n t  ma te r i a l ,  
has  been called by  C a r r u t h  (9) D 

gossypol.  More recen t ly  Sherwood  
(12) has  sugges ted  t h a t  the  t r a n s -  
f o r m a t i o n  of gossypol  to D gossy-  
pol is one of hydro lys i s .  In  each 
case the  a s sumpt ion  was made t h a t  
D gossypol  is an ind iv idua l  sub-  
s tance  der ived  f rom gossypoI 
t h r o u g h  an a l t e r a t i on  of  the  mole- 
cule of the  la t te r .  The suppor t  o f  
th i s  idea,  however ,  r e s t s  upon in-  
d i rec t  evidence only, as D gossypoI  
has never  been isolated.  On the 
o ther  hand,  hot  an i l ine  ex t r ac t i on  
of cot tonseed meal  g ives  a c ry s t a l -  
l ine  m a t e r i a l  hav ing  the  gene ra l  
appea rance  of  d ian i l ine  gossypol.  
The  subs tance  has  been cons idered  
a de r iva t ive  of  D gossypol  and in 
the  l i t e r a t u r e  i t  is  known as ani l ine  
D gossypol ;  bu t  as  no tho rough  
ana lys i s  of  i t  has  been recorded,  
i t  has  been impossible  to a r r i ve  a t  
any definite conclusions concern ing  
i ts  na tu re .  

C o n d e n s a t i o n  P r o d u c t s  wi th  
A n i l i n e  

In  connect ion w i th  t h i s  phase  of  
the  gossypol  problem,  an i l ine  D 
gossypol  was i nves t i ga t ed  and  
found  to be ident ica l  wi th  d ian i l ine  
gossypol  which is ob ta ined  by  con- 
dens ing  pure  gossypol  wi th  ani l ine .  
The evidence upon which th is  s t a t e -  
men t  is made  i s :  The  two sub-  
s tances  have the  same me l t i ng  
point ,  and  no depress ion  occurs  
when they  a r e  mixed.  They  pos-  
sess  the  s a m e  opt ical  p roper t ies .  
The i r  molecular  we igh t s  a re  the  
same wi th in  the  l imi t s  of exper i -  
men ta l  e r ror .  The i r  e lementa l  
composi t ion  is ident ical ,  and  final-  
ly, upon hydro lys i s  of ani l ine  D 
gossypol,  a subs tance  is ob ta ined  
which is ident ica l  both  chemical ly  
and phys io log ica l ly  wi th  ana ly t i ca l -  
ly pu re  gossypol .  This  evidence 
ind ica tes  t h a t  the  gossypol  mole-  
cule has  undergone  no chemical  
a l t e ra t ion ,  such as ox ida t ion  o r  
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hydro lys i s  as  sugges ted  by  the  
i nve s t i ga to r s  ment ioned  before .  

B o u n d  Gossypo l  H y p o t h e s i s  

F u r t h e r m o r e ,  the  in fo rma t ion  ma-  
t e r i a l l y  s implif ies  the  problem of the  
f a t e  of gossypol  du r ing  the  cook- 
ing  and p re s s ing  t r e a t m e n t  and  
leads  to a hypothes i s  concerning 
the  mechan i sm of  the  process  
w h e r e b y  gossypol  becomes bound 
and  is also r ende red  more  or less 
phys io log ica l ly  iner t .  This  hypoth-  
esis  is as  fol lows:  Dur ing  the  
h e a t i n g  and  p re s s ing  to which  the  
seeds  a re  subjec ted  the  res in  g lands  
con ta in ing  the gossypol  a re  dis-  
r up t ed  and poss ib ly  much of the  
gossypol  is dissolved in the  oil 
present .  I t  thus  comes in i n t i m a t e  
contac t  wi th  the  p ro te ins  of the  
seeds and in th is  condit ion,  f avored  
by  hea t  and  pressure ,  p robab ly  
condenses  wi th  f ree  amino g roups  
of the  p ro t e in  molecules, as i t  does 
w i th  m a n y  p r i m a r y  amines,  fo rm-  
ing  subs tances  similar in type to 
the  d ian i l ine  gossypol.  The ma-  
t e r i a l  is thus  bound r ende r ing  i t  
insoluble  and as f a r  as is known 
phys io log ica l ly  iner t .*  The work  
of Jones  and W a t e r m a n  (11) ,  in 
w h i c h  they  found  t h a t  pept ic  and  
t r y p t i c  d iges t ion  of casein and cot- 
tonseed  globul in  was  reduced fif- 
teen  per  cent  when t r e a t ed  wi th  
one per  cent  gossypol,  lends sup- 
p o r t  to th i s  idea. 

W h e t h e r  or not  th i s  exp lana t ion  
is correct ,  i t  can be s t a ted  definite-  
ly  t ha t  the  cooking and p re s s ing  
processes  used in the  m a n u f a c t u r e  
of  cot tonseed oil produce no 
chemical  a l t e r a t i on  in the  gossypol  

*Withers and Carruth (10) advanced a some- 
what similar view, suggesting that while most 
of the gossypol disappears by means of an  
oxidation process, some may become bound 
through condensing with amino and earboxyl 
groups of protein molecules. However, in 
Car ru th ' s  article upon the chemistry of gossypol 
(3) a statement is made which seems to indi- 
cate that he and Withers had subsequently 
abandoned this hypothesis. 

molecule. In  the  l igh t  of  t h i s  in- 
f o r m a t i o n  i t  would seem des i rable  
to d iscont inue  the  express ion  D 
gossypol,  because  of i t s  genera l ly  
accepted meaning ,  and  subs t i t u t e  
for  i t  the  t e rm  bound gossypol.  

(To be continued) 
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Refining Committee to Have 
Research Chemist 

The Governing Committee of the 
American Oil Chemists' Society has 
placed a small sum of money at  the 
immediate disposal of the Refining 
Committee to be paid as salary to a 
research chemist for fur ther  stand- 
ardizing refining methods. 

This announcement was made re- 
cently by Mr. A. W. Putland, presi-  
dent of the American Oil Chemists'  
Society. 


